Nonlinear Analysis on Magnetic Perturbation in Periphery of LHD by Y. Matsumoto et al.
  
It is reported that the low-n fluctuation due to the 
resistive interchange MHD instability resonated at a 
peripheral rational surface in LHD high-beta discharges is 
localized in the radial direction and induces the degradation 
of the energy confinement1). In recent LHD experiments, the 
suppression method of the MHD activity is under the 
development by using the externally installed RMP 
(resonant magnetic perturbation) coils. On the study, a 
following primitive result was already reported; the 
fluctuation signals observed by the pick-up magnetic coils 
decreases as the static RMP coils current increases, even in 
the case that the pressure gradient do not change little2). In 
this study, we focus on the following aspects to make clear 
the suppression mechanism of the interchange instability 
due to the external RMP coils; 
(1) How does the interchange instability interact with the 
RMP induced by the external coils? 
(2) Is the interchange instability completely suppressed by 
the external RMP coils? 
 Figure 1 shows the dependence of (a) the magnetic 
fluctuation amplitude with m/n=1/1 mode (m and n are the 
poloidal and the toroidal mode numbers, respectively, the 
resonant rational surface is located at ρ~0.9, ρ; the 
normalized minor radius) and (b) the phase deference 
between the RMPs induced by the plasma and the external 
coils on the external RMP coil current. In Fig.1(b), “-1.0pi” 
denotes that the RMP induced by plasma cancels that by 
external coils. Figure 1(b) denotes that the RMP by the 
external coils does not penetrate the plasmas when the 
normalized coil current of RMP (IRMP/B0) is below 
1.05kA/T, which is consistent with the behavior of the 
electron temperature and density profiles, that is, any 
changes do not appear in the profiles. From this result, we 
have confirmed that the RMP by external coils can suppress 
the magnetic fluctuation activities without any change of the 
pressure profile.  
 Figure 2 shows the dependence of the magnetic 
fluctuation amplitude with m/n=1/1 mode (ڦ) and the 
maximum value of the normalized fluctuation amplitude 
(I~SX/I-SX) of the soft-X ray emission signal in the direction 
of the minor radius (ە) on the external RMP coil current. 
Here I-SX is the time averaged soft-X ray signal. It should be 
noted that the data in Fig.2 is for the discharges with 
different experimental conditions (operational magnetic 
field strength and amount of heating power) from that in 
Fig.1, then the data in Fig.1(a) is not exactly same with that 
in Fig.2. Figure 2 shows that the soft-X ray emission 
fluctuation signal also decreases as the external RMP coil 
current increases in addition to the magnetic probe 
fluctuation signals. From this result, we have confirmed that 
the RMP induced by the external coils can suppress the 
resistive interchange instability.  
From the results, the RMP induced by the external 
coils can suppress the resistive interchange instabilities 
without any change of the pressure gradient, which suggests 
that the suppression is not induced by the change of the 
plasma parameters at resonant magnetic surface, but by the 
change of the plasma parameters at the plasma boundary.    
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Fig. 1. Dependence of (a) the magnetic fluctuation 
amplitude with m/n=1/1 mode and (b) the phase 
deference between the RMPs induced by the plasma 
and the external coils on the external RMP coil current. 
  
  
  
  
  
  
  
  
  
  
Fig. 2. Dependence of the magnetic fluctuation 
amplitude with m/n=1/1 mode (ڦ) and the maximum 
value of the normalized fluctuation amplitude (I~SX/I-
SX) of the soft-X ray emission signal in the direction of 
the minor radius (ە) on the external RMP coil current. 
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     In the recent campaign of the Large Helical Device 
(LHD) experiments, the coherent magnetic field fluctuation 
resonating with m/n = 1/1, 2/3, 3/4 is observed in the 
peripheral magnetic field region outside the last closed 
magnetic surface1). The purpose of the present study is the 
analysis of these modes based on the MHD simulation in the 
LHD.  
     The nonlinear MHD code based on the real coordinate 
system has been developed to investigate the magnetic 
fluctuation in the peripheral region. In this code, the time 
evolution of the vector potential instead of the magnetic 
field itself to satisfy divB = 0 condition. In addition, the 
pseudo-plasma model, in which we assume the high 
resistivity plasma filled in the vacuum region, is adopted. As 
the computational techniques, the 4th order finite difference 
method, the 4th order Runge-Kutta method and the Rational 
Constrained Interpolation Profile (R-CIP) method2) are used. 
To prevent the numerical oscillation, MmB method3) is also 
adopted.  
    The developed code is applied to the LHD plasma, of 
which equilibrium is calculated by HINT2 code, with β = 
2%. For the given initial velocity perturbation, the time 
evolutions of density, velocity, pressure and magnetic field 
are calculated. Figure 1 shows the time evolution of the 
energy. The linear growth and the nonlinear saturation of 
the perturbation can be seen from Fig. 1.  
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Fig. 1. Time evolution of energy. Kinetic energy 
(parallel, normal and bi-normal direction), magnetic 
energy, internal energy and total energy are shown. 
  
      In parallel to the above study, we investigate the 
formation of the magnetic island when the resistive 
interchange mode is unstable. The analysis is carried out by 
use of the reduced MHD equations. Solving these equations 
as the eigen-value problem, some eigenmodes are obtained. 
Among these eigenmodes, we define the eigenmode with 
the largest (second largest) growth rate as the first (second) 
eigenmode. As shown in Fig. 2, the structure of the first 
(second) eigenmode is even (odd) with respect to the 
rational surface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Mode structure of the first (upper) and second 
(lower) modes. 
 
     In order to evaluate the magnetic island formation 
systematically, the characteristic index,  
 
 
is introduced, where ω is the magnetic island width, ξr 
the displacement to the minor radius direction and a the 
minor radius, respectively. By used this index, it is found 
that the magnetic island due to the second eigenmode is 
larger than that due to the first eigenmode when the 
displacement is in the same range.  
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